The contribution of groundwater (GW) to the nitrate loads in surface waters (SW) was exemplarily studied for the river Augraben with a catchment area of 89.9 km 2 , located in north eastern Germany. The study uses available GW and SW quality data in order to develop a relationship between SW and GW in the Augraben catchment. The calculated ratio of base flow varies from 40% to 80% using various filtering methods of hydrograph separation methods (without taking into account the drainage) in comparison to a calculated GW infiltration of 5% -7% applying Darcy's law (upper unconfined aquifer). Drainage was estimated as the difference in base flow obtained through filtering methods of hydrograph separation and the Darcy's law. Results on the basis of monitoring data and hydrograph separation in quick flow and base flow showed that during winter periods, high concentration in SW has been found parallel to periods of higher GW flow with a strong correlation between SW and GW concentrations. These findings also coincided with the non-vegetation period, i.e. low nitrogen uptake by plants. Overall, nitrate-nitrogen loads at the SW monitoring point (Bei Lindenberg represents the 85% area of the catchment) were 193.5, 97.72, and 122 tons for the year 2010, 2011 and 2012 respectively. Measured GW concentrations in the catchment differ strongly, depending on land use, with elevated concentrations in agricultural areas compared to monitoring points in grass land and in forest areas. In one GW monitoring station, NO 3 concentrations exceed the maximum permissible limits (MPL) according to EU water quality standards (MPL = 50 mg/l NO 3 ), up to factor two. High ammonia concentrations at another station may be due to excessive application of manure. The contribution of the different sub-catchments to nitrate load in SW can be ranked in decreasing order in Zone B, D, A and C. Drainage and interflow proved to be a major contributor with 55% -65% of total How to cite this paper:
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Introduction
Agriculture related pollution has attracted increased attention worldwide over the past 40 years due to its important consequences on water quality [1] [2] . Nitrogen inputs in intensive-agricultural catchments have been identified as the major causal factors in the trends of increased nutrient concentrations in surface, ground and coastal waters [3] , though inputs from effluents and atmospheric deposition are also important. Nitrate is the most frequently introduced pollutant into GW systems [4] . Pollution of GW and SW by diffuse sources is a serious problem in the EU [5] . Use of fertilizer for agricultural production enhancement continues to negatively affect the overall water quality in Germany and especially the GW [6] . Nitrate in GW can origin from direct application in mineral fertilizer or via the transformation from ammonia, either from mineral fertilizers or manure from animal husbandry. Though Ammonia is as cation in tendency better retained in soil, its ecotoxic relevance is even higher due to the high oxygen demand when transformed to nitrate and the acute toxicity of NH 3 [7] [8]. Due to its main input source, ammonia toxicity in aquatic systems is of special concern in regions of high human habitation and deficient wastewater treatment and/or large numbers of farm animals [9] . As causal chain, nitrogen losses from the upper soil are generally increasing nitrate concentration in GW and its discharge towards the SW system may cause exceedance of SW quality standards as well [10] [11] [12] .
Maximum acceptable concentration of nitrate for potable water according to the World Health Organization (WHO) is 11.3 mg/l NO 3 -N or 50 mg/l NO 3 [13] . The same concentration is defined as threshold for good chemical status of GW according to the European Water Framework Directive. But also below this threshold, nitrate is highly relevant because of its eutrophication potential. In 2010 the total nitrogen input in Baltic Sea through water and airborne sources was 977,000 tons of nitrogen. Manure leaching accounts for 60% -70% of the total diffuse and more than half of the waterborne inputs in the Baltic Sea [14] .
Accordingly, pollution of GW and SW through diffuse sources is a major concern in federal State of Mecklenburg-Vorpommern (MV) in north-eastern Germany and ultimately in the Baltic Sea. Objectives to reduce eutrophication are set in Baltic Sea Action Plan (BSAP), implemented in 2007 [15] and reviewed in 2013 [16] . In 5th Baltic Sea pollution load compilation (PLC5.5) a 9% reduction Journal of Water Resource and Protection in total nitrogen loads in Baltic Sea was estimated from period between 1997 to 2003, but it is also observed that a further reduction of 14% is still required [17] .
Analyzing trends in monitoring data from 1970 to 2000, Saaltink et al. [18] found that the reduced loads in nitrogen is not evenly distributed but display large spatial variation and are related to the socio-economic developments within the Baltic Sea Basin. The estimated required abatement similarly varies significantly with a required reduction of up to 26% in the Baltic Sea [17] of which 5000 t/a N shall be reduced by the state MV. Specific estuaries and coastal waters may require even higher specific abatements in order to protect coastal and transitional water ecosystems and comply with the good status objectives of the Water Framework Directive [19] .
Nitrogen transport and reduction has been studied for the federal state of MV by Wendland et al. [20] . This study is comprised of a nutrient balance model, a water balance model (GROWA), a reactive nitrate transport model in soil (DENUZ) and a reactive nitrate transport model in GW (WEKU). Drainage was found to be a dominant pathway resulting in approximately 35% of the N transport leaching from the agriculture fields to the SW bodies. In federal state of MV, it is estimated that 54% of the nitrogen leaving the root zone is reduced before it reaches the SW bodies due to denitrification [20] . Comparison with monitoring data shows that the model predicts actual loads for larger catchment areas better than for smaller ones. The calculated partitioning can so far hardly be proved.
In January 2017, Germany published its most recent report on nitrate pollution of waters ("Nitratbericht 2016", for the monitoring period up to and including 2014), in line with the obligations under the EU Nitrates Directive. The report underlines that agricultural fertilizers continue to negatively affect water quality in Germany, in particular GW. Almost one third of the monitoring points for GW quality show values above the limit value of 50 mg/l nitrate. In case of MV, recently a study carried out in Zarnow basin showed that 32% of all the GW samples exceeds the permissible drinking water threshold value of 11.3 mg/l NO 3 -N [21] . While another study carried out in MV, states that 76% of the monitored SW have at least a significant pollution with nitrate and 40% with phosphate [22] . Different mediums like GW, drainage, surface runoff and atmospheric deposition etc., have their different shares in transport of nitrates into the SW. A study, carried out in MV and Schleswig-Holsteins about the role of different sources of diffuse emission in Baltic Sea shown in Figure 1 , yielded that drainage (51% of total load) and GW (39% of total load) are the dominant pathways [23] .
To protect the valuable GW resources, several approaches were developed to predict and estimate nitrate contamination from different sources. One approach is applying solute leaching models [13] , which are difficult to calibrate and their boundary conditions cannot be easily satisfied in complex land use systems and non-uniform strata [24] . An easier and more convenient method is to make the comparison and integration of SW and GW quality data from monitoring Journal of Water Resource and Protection networks. Though these approaches do not describe the processes itself, they can combine available data with adapted conceptual approaches to get reliable estimates of the pathways.
In this study, GW flow in a characteristic lowland river, the Augraben, was estimated by using two different methods named as 1) Hydraulic gradient method/ Darcy's Law 2) hydrograph separation method. Hydraulic gradient method is based on aquifer characteristics and the measured hydraulic gradients in the river and nearby available borehole. This method works well in local GW fluxes near to the gauging stations. But it does not always represent good estimations of GW flow in longer reaches. Hydrograph separation method takes into account the time series record of river discharge and then separates it (in minimum) into base flow and quick flow [25] . Since separation methods are no process models, the interpretation of base flow and quick flow is often not distinct, especially with regard to interflow (e.g. drainage).
Objective of this study is to develop and apply a method to assess the contribution of GW to the nitrogen load in SW based on available authorial monitoring data. Focused on the case study, the following targets shall be reached: first, comparison of the SW and GW concentrations at the available GW and SW quality monitoring stations and quantification of critical nitrate, nitrite and ammonium loads during vegetation and non-vegetation periods in Augraben is not located at the mouth into the river Tollense, but several kilometers upstream, the contributing catchment area is cut back accordingly and comprises 89.9 km 2 shown in Figure 2 . The actual land use was estimated by the aerospace images obtained from Rapid Eye Science Archive website [26] . Study area consist of 2.22% water, 2% settlements, 18% forest area, 75% arable and grassland while 3% miscellaneous. The catchment area is mainly used for agriculture and is equipped with artificial drainage. Tile drainage was established in the study area in 60s and 70s. It was not possible to obtain the tile drainage maps of the farms due to data privacy protection.
Materials and Methods

Study Area
Estimation of GW Pollution with GIS
GIS was used for the effective management of GW quality data [27] [28] [29] [30]. A database of the chemical constituents of GW and the spatial data layers using GIS version Arc Map 10.1 was constructed to investigate the spatial relationship between the GW constituents and pollution sources. Land use images were obtained from Rapid Eye images [26] . Spatial data which includes stream, road, contour, geologic, land use, and a pollution source map and attributed data was used, which include chemical constituents of sampling sites. Artificial drainage was constructed in Arc-GIS to get an idea of natural drainage system in the study area. A digital elevation model (DEM) was used to predict the surface flow based on the topography of the catchment. Plausible drainage areas were constructed based on the topography using Arc hydro tools in GIS ( Figure 3 ). These could be different from the actual artificial drainage system installed in the study area but give a rough idea of main flow direction of small channels in the area under investigation.
Data Acquisition and Processing
Water Quality Data 1) GW
Three out of total 25 available GW boreholes are in use by Landesamt für Umwelt, Naturschutz und Geologie Mecklenburg-Vorpommern (LUNG-MV)
for GW quality monitoring on seasonal basis. Monitoring interval for the GW quality assessment is every 6 months. Table 1 shows the available GW quality data from the 2011 to 2014 for the available GW quality monitoring stations in the study area.
As there was no GW data available in zone A and C, a measurement campaign was launched and GW quality data was collected on monthly basis at Gnevezow (Zone A) for a period of 6 months from January 2017 till June 2017. GW samples were collected and analyzed onsite for nitrate, nitrite and ammonia contents. While in case of zone C, no boreholes were available in that area so GW concentrations in the nearest zone B were used. Reason behind this assumption was that the land use in zone B and zone C is similar having similar assumed fertilizer application rates. GW quality concentrations for all the available stations Journal of Water Resource and Protection 2) SW SW quality monitoring in the study area is organized and managed as well by state authorities. SW quality data at a particular sub catchment outlet represents and characterize the integrated impact of that whole particular sub catchment. SW inflow into the Augraben was divided into four zones Lindenberg (yellow), Hasseldorf (Green), Grischow (light green) and Ivenack (grey) shown above in Figure 4 .
SW quality data was collected and analyzed at each of the available SW quality assessment stations in order to identify the critical locations in terms of nitrate pollution and also to establish the trends how the nitrogen concentration changes during the years against the flow in these areas. Table 2 shows the SW quality data at available monitoring stations with their sampling intervals.
SW quality and discharge data were analyzed at the gauge station installed near Gehmkow, representing the outflow of almost 85% of the whole Augraben catchment. Flow at each outlet of four zones A, B, C and D was estimated from the average flows data provided by Biota shown in Figure 5 , and the available flow data at the Gehmkow outlet shown in Figure 6 . Hydrograph separation was done at Bei Lindenberg where maximum measured data was available and represents a large portion (almost 85% of the total catchment) in order to separate the flow into base flow and in quick flow conditions to know the impact of GW on Nitrogen load in the Augraben. GW flow was separated combining hydrograph separation and Darcy's law/Hydraulic gradient method to quantify the impact of GW on SW nitrate concentrations.
Flow Data at Gehmkow Gauging Station
Available daily average discharge data was collected for Gehmkow gauging station (Augraben) for the period from 2009 till 2015. The flow hydrograph below in Figure 6 shows that high flows occur during the winter seasons in comparison to the flows observed during the summer. Flow data was afterwards separated into quick flow and base flow in order to quantify the GW inflow and its role in the overall nitrogen loads in SW. 
Filtering Methods of Hydrograph Separation
Filtering methods are the most popular ways of stream flow hydrograph separation into its components as base flow and direct flow. These methods do not have any hydrological and physical basis but they provide a good estimation of base flow. With this principal algorithm it separates base flow as a low frequency signal and direct flow as a high frequency signal. Results of filtering methods are comparable to graphical techniques [35] . Hydrograph separation methods used in this study are described as follows.
Hydrograph Separation by Lyne & Hollick
Following is the algorithm given by Lyne and Hollick [36] ( ) 
Hydrograph Separation by Nathan and McMohan
Equation [1] was later modified by Nathan and McMohan [38] as follows [37] , β = coefficient (0.5) [39] . By inserting the values of α and β in Equation (2) ( )
0.9 0 6 .9 25 25
Hydrograph Separation by Chapman
Hydrograph separation techniques known as Chapman method was used and is as follows
where α = coefficient (0.925) [37] .
GW Inflow in Gehmkow Augraben by Hydraulic Gradient Method/ Darcy's Law
In parallel, flow through an unconfined aquifer to the SW system was estimated Journal of Water Resource and Protection by using the Darcy Law. Its application requires the assumption of the following conditions 1) Flow velocity is proportional to the tangent of the hydraulic gradient instead of sine. 2) Flow is considered horizontal and uniform throughout the vertical section. For unidirectional flow, specific discharge is given below
where k = hydraulic conductivity, h = water table height above the reference point and x = direction of flow. Figure 7 shows the GW flow to the stream in an unconfined aquifer [25] .
On the basis of GW Only upper aquifer (unconfined aquifer) up to a depth of 5m from ground surface was considered to be contributing in the Augraben based on the geological data of boreholes logs also provided by LUNG-MV.
Data Processing
Comparison of SW and GW quality data obtained from monitoring locations in a lowland artificially drained catchment was used to get an insight to the surface and GW interactions. GW quality concentrations for all the available stations were analyzed for NO 3 Figure 9 shows the percentages of base flow from the total flow. By taking into consideration the difference, drainage and interflow was estimated to contribute 50% of the total flow in the Augraben.
Results
Hydrograph Separation and Role of Drainage
SW Quality
Nitrogen Loads and Concentration during Vegetation and
Non-Vegetation Periods Vegetation period in northeast Germany was considered on average from April till October every year [40] . A high nitrate concentration was observed during Figure   10 . It can be explained that during non-vegetation period there are no plants uptake of nitrogen compounds from the soil, and due to lower evaporation and transpiration rates, small precipitation rates can result in higher leaching of nutrients than in summer. Moreover, with higher base flows in winter seasons results in higher contribution of GW in total SW nitrogen loads. Figure 10 shows the GW levels throughout the year 2013 at Kriesow. Fertilization rates and their application times also plays an important role. As the applied fertilizers at the harvesting times will be available for leaching during the winter season. Figure 12 showed a gradual decrease except in the year 2013 were all three stations showed a higher concentration.
Role of GW in Surface Nitrate Loads
As shown in Figure 11 at Au II Alt Kentzlin located in zone D, GW quality monitoring station concentrations are more than twice the permissible limits and also contribute maximum nitrate nitrogen load in the Augraben.
In case of Kriesow as shown in Figure 13 , overall situation is not good as WHO [41] Figure 15 shows the total daily average discharge and base flow and NO 3 This study also showed that management and monitoring of GW and SW should be done in high temporal and spatial resolution.
Overall SW Quality in Gehmkow Catchment
Conclusion
On the basis of analysis of data collected from monitoring programs, it indicates should also be considered with gradient flow method and flow hydrograph separation method as these are the simplest ways to quantify the GW role in total nitrogen loads in SW by just using the available monitoring data. In this study, only the upper unconfined aquifer has been considered responsible as a source of base flow, it is possible that in some zones lower aquifers (confined aquifer)
are responsible for base flow in the Augraben. For a better local resolution and process understanding, it would be extremely helpful to perform flow monitoring at the outlets of drainage channels small channels entering into the Augraben. It is also advisable to collect the GW concentration data in higher resolution than on seasonal basis. This way the correlation between land use and GW concentrations could be described by combining the data analysis and simple flow equations more reliably.
Regarding the EU nitrate directive and EU WFD, the nitrate concentration in GW are just within the limits. But the elevated GW concentration of Nitrate deteriorates directly the SW quality. The method applied here can serve for a rough quantification of this impact.
